Background: Collaborative learning health systems (CLHSs) enable patients, clinicians, researchers, and others to collaborate at scale to improve outcomes and generate new knowledge. An organizational framework to facilitate this collaboration is the actor-oriented architecture, composed of (a) actors (people, organizations, and databases) with the values and abilities to self-organize; (b) a commons where they create and share resources; and (c) structures, protocols, and processes that facilitate multiactor collaboration. CLHSs may implement a variety of changes to strengthen the actor-oriented architecture and enable more actors to create and share resources.
| INTRODUCTION
Activities aimed at developing learning health systems (LHSs) are gaining momentum and are increasingly widespread. 1 The way people are organized in an LHS matters in the control and coordination of resources and activities 2 and ultimately influences system growth, effectiveness, and longer-term success. Understanding and advancing LHSs thus requires an understanding of how they are organized.
We have recently described network-based collaborative learning health systems 3 (CLHSs) , which have been shown to improve outcomes across a variety of conditions. [4] [5] [6] [7] These organizations use an actor-oriented architecture (AOA). 2 The AOA consists of actors (people and institutions) with the values and capabilities to selforganize; a commons where they create and share resources; and structures, protocols, and processes that make it easy to form highly functional teams. This organizational structure differs from hierarchical or matrix organizations in that it is more flexible and adaptable, allowing distributed decision-making to enable large groups of people (eg, patients, families, clinicians, researchers, and health system leaders) to self-organize to solve health care system problems important to them. 2 Increasing the number of actors with the values and capabilities to self-organize entails both increasing awareness of the learning health system and one's role in it and making it easier for people to participate in and improve it. CLHS leaders build a sense of shared responsibility and commitment to the shared goal of improving outcomes. 3 Collaboration is an important cultural norm, aimed at creating an environment of "all teach, all learn." This captures an important part of CLHS culture: If someone has a good idea for improving outcomes, he or she would eagerly share so that others (and therefore the whole network) can benefit. Similarly, if someone becomes aware of a better tool or process, he or she is expected to "steal" and adapt it-to use it to improve outcomes at his or her home institution. As people become more involved, they may be more likely to self-organize and to use and improve tools to speed the production and sharing of information, knowledge, and know-how. 8 A commons is a shared platform for creating and sharing resources. CLHSs use data registries and online sharing platforms to create and share tools, data, know-how, standards, and shared situational awareness. Networks and teams receive monthly reports on network functioning and key process and outcome measures and can compare their system's performance to their peers. 3 Policies around intellectual property and privacy that promote innovation and sharing, as well as the technology that facilitates collection and sharing of information, knowledge, and know-how, 9 are some of the protocols, processes, and structures that facilitate multiactor collaboration. Others include, for example, using standardized agreements for sharing data, or using a common learning system in which actors can easily connect with and understand others and use common data and methods to solve shared problems.
Beginning in 2010, ImproveCareNow began implementing a variety of network-level interventions to make it easier for more people and care centers to collaborate. We describe these interventions and trace measures indicating their implementation.
| RESEARCH INTEREST
How might we understand and measure organizational changes that could facilitate collaboration? In this study, we describe, and trace over time, a set of metrics corresponding to interventions made by ImproveCareNow (ICN), a mature CLHS focused on pediatric inflammatory bowel disease (IBD: Crohn disease and ulcerative colitis) as it implemented organizational changes consistent with the actororiented architecture.
| METHOD

| Human subjects
This research was determined to be exempt from IRB review as research involving the study of existing data, where the information is recorded in such a manner that subjects cannot be identified, directly or through identifiers linked to the subjects. Streamlined regulatory processes include ImproveCareNow's standardized Business Associate Agreements (BAAs) and Data Use Agreements (DUAs). As with a fIRB, using these standard legal agreements reduce the barriers and delays often associated with negotiating such agreements when a new care center joins ImproveCareNow.
| Setting
| Changes made by ImproveCareNow
| Analysis
We selected indicators of the actor-oriented architecture elements that were face-valid, already collected data, and displayed these measures over time on run charts for the period 2006 to 2016.
| RESULTS
We selected six existing network-level metrics that could be used to indicate the three elements of the actor-oriented architecture. We used two indicators to indicate "actors with the values and abilities to self-organize"-the number of accounts on ICN Exchange (an indicator of how many people use the Exchange) and the number of parents and patients attending Community Conferences (an indicator of how many highly involved parents and patients there are). We used two indicators to illustrate "the commons"-the number of pins (uploads) on the ICN Exchange and the number of patients registered and with data in the registry. We used two indicators to illustrate ways to make multiactor collaboration easier-the number of Centers using a federated Institutional Review Board and the number of centers using standard legal agreements. 
| DISCUSSION
We have described a set of network-level changes implemented by ImproveCareNow and metrics that indicate the presence of an actororiented architecture in this collaborative learning health system. SEID ET AL.
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These metrics show that ImproveCareNow has made organizationlevel changes that have increased the number of actors in the network and the degree to which the actors are able to create and share resources in a commons and has implemented policies that make it easier for care centers to join this multiactor collaboration. This study is significant because it is the first quantitative description of an actor-oriented organizational scheme in a CLHS. A CLHS, like health care broadly, is a complex system. 14, 15 Because the nature of a complex system is dependent on the interaction among its constituent parts, a good starting point for changing such a system is to think about how to enable the parts of the health care system-say doctors and patients-to interact differently. 16 Wagner's Chronic Care Model 17, 18 suggests that good outcomes result from productive interactions between prepared, proactive clinical teams and informed, activated patients, in other words, interactions between clinicians and patients characterized by co-production of good care. 16 This notion of co-production, at full scale, is a key characteristic of a CLHS and is facilitated by the AOA.
We recognize weaknesses in this study. It is a single case, and the generalizability is unknown. The metrics gathered were based on existing data collection and not designed specifically for this purpose-there are likely other measures to indicate this organizational form. We do not have denominators for these measures. We also do not know the extent to which these organization-level indicators are related to individual-level collaboration. More research is required to better characterize the actor-oriented architecture and examine its impact on collaboration and outcomes. Nevertheless, this study provides a framework for describing an organizational architecture, which serves as a useful conceptual model for a collaborative learning health system. 
